a Although resting-state functional magnetic resonance imaging has shown altered functional connectivity between visual and other brain areas in the early blind individuals, it cannot answer which brain area's local activities are changed. In this study, regional homogeneity, a measure of the homogeneity of the local blood oxygen level-dependent signals, was used for the first time to investigate the changes in the resting-state brain activity in the early blind individuals. Compared with age-matched and sex-matched sighted individuals, the early blind individuals showed increased regional homogeneity only in the occipital areas, which might be explained by the abnormal cortical development and/or experiencedependent plasticity, resulted from an early visual deprivation.
Although resting-state functional magnetic resonance imaging has shown altered functional connectivity between visual and other brain areas in the early blind individuals, it cannot answer which brain area's local activities are changed. In this study, regional homogeneity, a measure of the homogeneity of the local blood oxygen level-dependent signals, was used for the first time to investigate the changes in the resting-state brain activity in the early blind individuals. Compared with age-matched and sex-matched sighted individuals, the early blind individuals showed increased regional homogeneity only in the occipital areas, which might be explained by the abnormal cortical development and/or experiencedependent plasticity, resulted from an early visual deprivation. 
Introduction
Early blindness is an ideal model that allows researchers to investigate how a unimodal sensory deprivation before the critical developmental period affects the structural and functional organization of the brain. A large number of studies have been carried out to investigate the structural and functional changes in the early blind individuals. Structural magnetic resonance imaging (MRI) has shown the decreased volumes of the gray and white matter [1] [2] [3] , and increased cortical thickness [1, 4, 5] in occipital areas in the early blind individuals. Diffusion tensor MRI has shown that the white matter integrity of the early blind individuals was decreased in the optic radiation [6] , but increased in the corticospinal tract [7] . Task-based functional MRI (fMRI) has been widely applied to investigate the plastic changes in the occipital areas induced by early visual deprivation [8] [9] [10] [11] [12] .
Recently, resting-state fMRI had been used to investigate the changes in the functional connectivity (FC) in the early blind individuals, and found decreased FC between occipital and sensorimotor areas and increased FC between occipital and frontal areas [13, 14] , which were considered as the integrated reflection of general loss and compensatory plasticity when a single sensory modality is deprived. Although this approach can find altered FC between two brain areas in the early blind individuals, it cannot answer which area's activity is being altered. However, the analysis of the regional homogeneity (ReHo) of the resting-state blood oxygen level-dependent (BOLD) signals can partly answer the question. ReHo is proposed based on the hypothesis that the brain activity would more likely occur as clusters rather than as a single voxel, thus Kendall's coefficient of concordance (KCC) was used to evaluate the similarity between the time series of a given voxel and its nearest neighborhoods [15] . The pattern of resting-state brain activities obtained by the ReHo method is very similar to that observed by PET in healthy individuals, which indicates that ReHo is a promising measurement for the resting-state local brain activities. Subsequently, ReHo has been successfully applied to study a variety of neurological and psychiatric diseases [16] [17] [18] .
In this study, we used the ReHo approach to investigate changes in the brain spontaneous activity in the early blind individuals. We hypothesize that the altered ReHo should be found in occipital areas in the early blind individuals, as earlier studies have found increased resting-state cerebral blood flow and metabolism in occipital areas in these patients [19] .
Materials and methods

Patients
We recruited 16 right-handed early blind patients and 32 sighted controls matched for age, sex, and handedness. The details of the early blind individuals are shown in Table 1 .
There was no history of neurological or psychiatric disorders, and no structural brain abnormalities on conventional MR images. Before MRI examinations, all participants provided written informed consents approved by the Local Medical
Research Ethics Committee. We had used this dataset in our earlier studies on early blindness, which focused on the altered FC patterns [13, 14] .
Data acquisition
MR images were acquired using a 3.0 T Siemens Trio MR system (Magnetom Trio, Siemens, Erlangen, Germany) using a standard head coil. Tight but comfortable foam padding was used to minimize head motion, and earplugs were used to reduce scanner noise. Resting-state fMRI scans were taken by an echo planar imaging sequence with scan parameters of repetition time = 2000 ms, echo time = 30 ms, flip angle = 901, matrix = 64 Â 64, field of view = 220 Â 220 mm 2 , slice thickness = 3 mm, and slice gap = 1 mm. Each brain volume comprised 32 axial slices and each functional run contained 270 volumes. During fMRI scans, all patients were instructed to keep their eyes closed, relax, and move as little as possible. Sagittal structural images with a resolution of 1 Â 1 Â 1 mm were acquired using a magnetization-prepared rapid gradient echo three-dimensional T1-weighted sequence (repetition time = 2000 ms; echo time = 2.6 ms; flip angle = 91).
Data preprocessing
All preprocessing steps were carried out using the statistical parametric mapping-8 (http://www.fil.ion.ucl.ac. uk/spm). The initial 10 volumes of each functional time series were discarded from the analysis because of the unstable initial MRI signals and the adaptation of the patients to the scanning situation. The remaining 260 volumes were corrected for acquisition time delay between different slices and corrected for geometrical displacements according to the estimated head movement and realigned to the first volume. Head motion parameters were computed by estimating translation in each direction and the angular rotation on each axis for each volume. Each patient had a maximum displacement in any of the cardinal direction (x, y, z) of less than 1 mm, and a maximum spin (x, y, z) of less than 11. Then all data were spatially normalized to the standard echo planar imaging template, and resampled to 3 Â 3 Â 3 mm of cubic voxels. After that, a temporal filtration (0.01-0.08 Hz) was performed to reduce the effect of the low-frequency drifts and high-frequency noise. Several sources of spurious variances including the estimated motion parameters, linear drift, and average BOLD signals in ventricular and white matter regions were removed from the data through linear regression. Finally, the regressed images were smoothed with a 6-mm full width at half maximum to reduce the spatial noises.
Regional homogeneity measurement
On account of no specific stimulus in the resting state, the traditional model-driven methods for task-related data analysis may not be suitable for analyzing the resting-state fMRI data. Zang et al. [15] has proposed to use the KCC to measure the similarity of the time series of a given voxel to those of its nearest neighbors in a voxel-wise way. For a given voxel,
where the ReHo is the KCC, ranged from 0 to 1, the higher the ReHo, the higher would be the similarity of the local activity of a given voxel with its neighbors; where R i ¼ P k j ¼ 1 r ij is the sum rank of the i-th time point and r ij is the rank of the i-th time point of the j-th voxel; where R i is the mean of the R i ; n is the length of time series; k is the number of voxels (k = 27 in this study) within the measured cluster. ReHo is a nonparametric measure of response variability over space (between a voxel and its neighbors). For each voxel, the BOLD response at each point in time is converted into a rank order, R i . The difference between that rank order and the mean rank order of neighboring voxels is then summed across all time points. In this case, ReHo is robust against differences in the overall magnitude of the BOLD response because this is a rank order statistic. An individual ReHo map was obtained on a voxel-by-voxel basis for each patient.
Statistical analysis
To reduce the effect of the individual variance, we normalized the ReHo value of each voxel by dividing the mean ReHo of the whole brain for each patient [18] , that is for each voxel, ReHo Normalized ði; j; kÞ ¼ ReHo ði; j; kÞ=mean ðReHoÞ and then a two-sample twosided t-test was carried out to investigate the group differences of ReHo between the early blind patients and sighted controls. Multiple comparisons were statistically corrected by false discovery rate (FDR). The statistical threshold was set at a q value of less than 0.05 (FDR corrected) and a cluster size of more than 30 voxels. 
Results
Compared with the sighted individuals, the early blind individuals showed significantly increased ReHo in occipital areas including the bilateral inferior occipital, fusiform and lingual gyri, calcarine cortices and inferior temporal gyri, and the left middle occipital gyrus (Table 2 and Fig. 1 ). However, we did not find any brain area with significantly decreased ReHo in the early blind individuals (q = 0.05, FDR corrected). To show how much the ReHo is increased in the early blind patients, we extracted the mean ReHo of each cluster with a significant group difference from both the groups and showed them in Fig. 2 .
Discussion
To our knowledge, this is the first study to investigate the regional homogeneity of the brain spontaneous activity in the early blind individuals. We found increased ReHo in the occipital areas in the early blind individuals, which is consistent with earlier findings of the increased cerebral blood flow, metabolism, and cortical thickness in the occipital areas in this population [4, 19] . We suggest that the increased ReHo in the early blind individuals is more likely as a result of the abnormal cortical development and/or experience-dependent plasticity secondary to early visual deprivation. Brain areas with an increased normalized regional homogeneity in the early blind individuals (q < 0.05, 30 voxels, false discovery rate corrected). Visual experience is critically important for the normal development of the visual cortex. The lack of early visual experience could result in the increase of the corticocortical, thalamocortical [20] and intracortical [21] connections. Specifically, the bilaterally enucleated opossums showed that the area 17 received input both from thalamic nuclei associated with the somatosensory (ventral posterior nucleus), auditory (medial geniculate nucleus), motor (ventrolateral nucleus), and limbic/hippocampal (anterior dorsal nucleus, anterior ventral nucleus) systems and from cortices of auditory, primary somatosensory, and multimodal areas [20] . In addition, the binocular-deprived cats had no discernible effect on the emergence of crude clusters of horizontal connections. In contrast, cluster refinement was dramatically affected by binocular deprivation, which results in less specificity of axonal rearrangements in deprived animals than that in normal animals [21] . These increased connections in the occipital cortex could be resulted from exuberant projections, which fail to get pruned due to the lack of visual input, which is consistent with the concept that the thalamocortical and corticocortical projections were initially imprecise and transient, and subsequently became more restricted to specific targets [22] .
Alternatively, the increased thalamocortical and corticocortical inputs to the visual cortex [20] , combined with a reduced volume of the lateral geniculate nucleus [23] , supported the idea that there may be competition between specific and nonspecific inputs to cortex during early postnatal life. The increased nonspecific afferents suggests that bilateral enucleation may increase the responses of neurons in visual cortex to nonvisual (i.e. somatosensory and auditory) stimuli. This hypothesis is supported by a large number of studies reporting that the activation of the visual cortex of the early blind individuals during a variety of nonvisual tasks, including Braille reading, auditory, tactile, and speech processing [8] [9] [10] . Moreover, an infarction of bilateral occipital cortex of a congenitally blind woman caused alexia for Braille [24] , which provided strong clinical evidence that visual cortex is functionally involved in the Braille reading in the early blind individuals. Thus, the increased thalamocortical, corticocortical, and intracortical connections, together with the increased neuronal density in visual cortex [25] , might be partly accounted for the increased ReHo and glucose metabolism [19] in the occipital areas in the early blind individuals.
Although there is no convincing evidence for thicker occipital cortex in deprived animals, there are three human studies that reported thicker occipital cortex in the early blind individuals than in the sighted controls [1, 4, 5] . So far, it is not clear what results the differences in the occipital cortical thickness between early blind humans and early visually deprived animals. However, we think that the thickened occipital cortex in the early blind individuals if present might also contribute to the increased ReHo in the occipital cortex.
In conclusion, we found an increased ReHo in occipital areas, which is consistent with the increased cerebral blood flow, metabolism, and cortical thickness in the occipital areas in this population. We suggest that this might be resulted from the abnormal cortical development and/or experience-dependent plasticity secondary to early visual deprivation.
